To evaluate and characterize cases of brain abscess in immunocompetent patients due to Gemella morbillorum, an opportunistic Gram-positive coccus. Two cases of brain abscess due to this pathogen which occurred at the authors' native institution in 2013 and 2016 were analyzed. Moreover, a literature search regarding brain abscess surgically treated due to this pathogen was performed in PubMed database, following PRISMA statement. The final review comprised ten articles for a total of 11 patients-all immunocompetent-with a median age of 50.2 years (range 28-77); almost total were males. Neurological deficits and fever were the most common initial signs; seizures were present only in two cases. Surgical treatment was based on craniotomy and excision in six cases; the remaining five underwent stereotactic aspiration. The antibiotic initial therapy was intravenous in all cases. The average duration of therapy was of six weeks with a minimum of four and maximum of ten. One patient died, while in the other cases, a complete or partial regression of presenting symptoms and disappearing of MRI signs at intermediate follow-up were obtained. In eight patients (72%), it was possible to identify a primary infection or a predisposing factor (as cardiac diseases or septic arthritis). G. morbillorum is an emerging pathogen involved in brain abscesses. Even if it is infrequently reported, the identification of specific characteristics that may increase its neurotropism and virulence also in immunocompetent patients can help to better understand such a rare pathology.
Introduction
Brain abscess is a focal infective process of cerebral parenchyma that can be caused by bacteria, mycobacteria, fungi, or parasites [1] [2] [3] . The incidence is variable according to the existence of predisposing conditions such as a primary infection focus, metastatic infection from a pulmonary focus, and heart disease [2] . Incidence rates are extremely increased in immunosuppressed patients. A brain abscess can originate from a contiguous focus like sinuses, middle ear, or dental infection with this pathogenetic mechanism being reported in about 50% of cases [4] . Hematogenous spread from a distant focus or direct contact, following trauma or neurosurgical treatment, represents other causes. Streptococci ssp. are the pathogens most commonly implicated [5] . Anaerobic bacteria and Gram-negative bacilli can be involved in case of dental infections or lung abscess. However, the causal agent is identified in 70% of cases, while multiple bacteria can be isolated from positive blood cultures [6] . The treatment includes medical and surgical approaches [1, 2, 7, 8] . Systemic prolonged antibiotic therapy is mandatory and should be based initially on the organisms most likely involved and subsequently modified according to the specific antibiogram [1] . Gemella morbillorum is a facultative anaerobic, non-motile, and nonspore-forming Gram-positive coccus, previously named Streptococcus morbillorum [9] . It is part of the normal oropharynx, gastrointestinal tract, and female genital tract flora. However, it sporadically can determine bacteremia, meningitis, endocarditis, and septic shock, and sometimes fatal [10] [11] [12] [13] [14] [15] . Interestingly, some cases of brain abscess due to G. morbillorum have been described in immunocompetent patients [16, 17] . In all cases, the isolated bacteria showed a wide antibiotic sensitivity. The authors present a literature review, according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [18] , regarding all cases of brain abscess due to G. morbillorum in which the diagnosis was made after surgery. Two further cases treated by the authors are moreover reported.
Materials and Methods
Clinical notes of two cases of brain abscess due to G. morbillorum occurred at the authors' institution (Fondazione IRCCS Cà Granda -Ospedale Maggiore Policlinico) in 2013 and 2016 were collected and analyzed. Pre-and postoperative imaging scans were retrospectively reviewed. Moreover, a literature search regarding clinical series or case reports about brain abscess due to G. morbillorum was performed in PubMed database, following PRISMA indications. English-titled studies published between January 1988 and February 2019 were collected and considered for the review. The search terms were primarily BGemella morbillorum^, Bbrain abscess^, and Bcerebral abscess^with the corresponding MESH (Medical Subject Heading) terms. Due to the very limited number of articles perfectly matching with those terms, to avoid missing relevant reports, we decided to search only BGemella morbillorum^. A review of all cases was accomplished focusing on the following aspects: age and gender of patients, primary infections and predisposing factors, clinical presentation, surgical and medical therapy, and neurological outcome. A similar research using sequential keywords was then conducted in Scopus database. Finally, we checked for other possibly relevant articles in the references of the papers counted in. We included clinical studies and surgical series. Due to extreme rarity of this pathology, we included surgical case reports too. We excluded pure reviews (without new surgical records), surveys, editorials, and clinical images. At least two authors reviewed therefore the full text of each remaining article. A flowchart diagram presents the process of identification of the studies included in this review (Fig. 1 ).
Case Reports
Case 1 A 59-year-old man was admitted in May 2013 for rapid onset of left hemianopsia. No fever or clinical signs of meningitis were observed. The patients underwent an orthodontic procedure few weeks before. A brain CT (computed tomography) and a subsequent MRI (magnetic resonance imaging) showed the presence of a right parietal-occipital lesion with large edema and inhomogeneous contrast enhancement (Fig. 2) . The DWI (diffusion-weighted imaging) sequences confirmed the suspicion of brain abscess. All blood cultures were negative. We therefore performed a stereotactic aspiration of the abscess. After the surgical procedure, empirical antibiotic therapy with vancomycin 2 grams (g), metronidazole 2 g, and ceftriaxone 4 g daily was administered. Aerobic and anaerobic cultures of intraoperative samples revealed only G. morbillorum. It was isolated on Schaedler agar base supplemented with 5% sheep blood and vitamin K under anaerobic conditions and identified using API 20A (bioMérieux, Marcy l'Etoile, France). The bacterium showed a wide susceptibility to different antibiotics. According to the antibiogram, therapy was continued with ceftriaxone (4 g per day) only. A trans-esophageal cardiac ultrasonography revealed a patent foramen ovale, formerly not known. Postoperative brain CT and MRI scan showed progressive reduction of the remaining contrast enhancement area. The patient continued intravenous antibiotic therapy with ceftriaxone for 6 additional weeks. After 4 months, left hemianopsia persisted. A new MRI scan showed almost complete disappearance of the brain abscess.
Case 2 On October 2016, a 62-year-old man presented with mental confusion for 1 month that was followed by partial seizures and fever. He did not report dental procedures or previous risk factors. Brain MRI depicted a right small occipital lesion hyperintense in T2-weighted and hypointense in T1-weighted sequences, with annular contrast enhancement (Fig. 3) . Focal right slow-wave activity was revealed by an electroencephalogram. The patient underwent stereotactic aspiration that revealed the presence of purulent material. Blood cultures for aerobic and anaerobic microorganisms showed the presence of G. morbillorum sensitive to ampicillin. Antibiotic therapy with ampicillin (12 g daily) was started, after 4 days of empirical therapy with vancomycin, ceftazidime, and metronidazole. Trans-esophageal ultrasonography was negative for cardiac malformation. Intravenous antibiotic therapy with ampicillin has been continued for 40 days. After 3 months, the MRI scan with contrast showed the complete disappearance of the brain abscess. The patient no longer experienced partial seizures.
Literature Review
The PubMed literature search returned 179 articles that satisfied the search parameters, while from Scopus databases search, 195 articles were found. Finally, two other articles were identified from the references of all previous articles.
Following the PRISMA flowchart [18] , after duplicate removal, 181 articles were analyzed according to title and abstract. Three hundred one articles were excluded for reasons reported in Fig. 1 . The main exclusion criteria were involvement of other organs, non-English full text [19, 20] , and conditions that we stated as Bunsuitable^as illnesses due to other pathogens or secondary to immunodeficiency. As a result, twelve articles have been considered for this review and were fully read and analyzed. One case was then excluded due to the lack of surgical treatment, even if G. morbillorum determined bacteremia and a brain abscess [11] . Another case was excluded because the abscess arising from frontal sinus was epidural only, without parenchymal involvement [21] . The final review thus comprised 10 articles for a total of 11 patients [16, [22] [23] [24] [25] [26] [27] [28] [29] [30] . In Table 1 , we reported all the cases of cerebral abscess due to G. morbillorum in immunocompetent patients; the present cases are added too. The median age of patients was 50.2 years (range 28-77); almost total were males. In 8 cases (72%), clinical presentation was characterized by neurological deficits related to the location of the abscess (motor deficits, gait disturbance, speech disturbances, and gait ataxia). Eight patients presented with fever; seizures were present only in two cases. Surgical treatment was based on craniotomy and excision in 6 cases (54%); the remaining five underwent stereotactic aspiration. In two cases, multiple bacteria were isolated, as Bacteroides and Peptostreptococcus, as well as G. morbillorum [22, 30] . The antibiotic initial therapy was intravenous in all cases. In 4 cases, therapy was prolonged orally one for at least other 3 weeks. The average duration of antibiotic therapy was 6 weeks with a minimum of 4 and a maximum of 10 weeks. The choice of the effective antibiotic was performed according to the antibiogram. One patient died, while in all other cases, a complete or partial regression of presenting symptoms and disappearing of MRI signs at intermediate follow-up were obtained. One patient presented with venous infarction with seizures after 5 weeks of therapy [29] . In eight patients (72%), it was possible to identify a primary infection or a predisposing factor (as cardiac diseases or septic arthritis).
Discussion
We presented two new cases of brain abscesses due to G. morbillorum. This opportunistic pathogen is normally part of the flora of the oral, genitourinary, and respiratory tracts. It may cause localized as well as generalized infections, as infective endocarditis and pericarditis, arthritis, bacteremia, and sepsis [13] . G. morbillorum was first isolated by Tunnicliff in 1917 from the blood of patients in the early stages of measles [31] . This pathogen crossed different geni during the last century: initially known as Diplococcus morbillorum, it was transferred into the genus Peptostreptococcus and again, in 1974, in the Streptococcus one [32] . It was known as S. morbillorum until 1988 when, based on DNA hybridization experiments and biomolecular features, it was moved to the genus Gemella, obtaining its definitive names [9, 33] . This Gram-positive coccus shares many characteristic with viridans group of streptococci [34] . Intracranial septic involvement determined meningitis, meningoencephalitis, and subdural empyema [19, 35] . Brain abscesses due to G. morbillorum are exceptional events. Excluding the two new cases, according to the systematic literature review, only 12 cases have been reported. In one case, the diagnosis was obtained only via blood cultures, without surgical treatment [11] and in another one, an epidural empyema was originated from frontal sinusitis without spread to cerebral parenchyma [21] . All patients reported were immunocompetent. Poor dental health, dental manipulation or dental surgery, colorectal disease or procedures, steroid therapy, diabetes mellitus, and hepato-renal dysfunction represent predisposing factors for G. morbillorum infections in immunocompetent patients. About reported cases, the most frequently associated primary infections were sinusitis and dental infections; atrial septal defect seems to be a predisposing factor. The pathogenesis of CNS infections due to G. morbillorum is still controversial. Several mechanisms have been called in, such as downregulation of interleukin-12 and interferon-γ, induction of small vessel vasculitis by stimulation of antineutrophil antibodies, and production of specific IgA1 protease, as demonstrated in experimental murine studies [36] . A pleiotropic effect leading to production of proinflammatory cytokines has been observed. This can determine reactive gliosis, neurodegeneration, and breakdown of the blood-brain barrier paving the way to cerebral involvement [37] . The diagnosis is based on identification of G. morbillorum by microbial cultures made on abscess materials obtained from neurosurgical procedures. According to the reported cases, even if resection via craniotomy has been performed in six cases [16, 23, [27] [28] [29] [30] , the best surgical procedures should be the stereotactic aspiration. A review about surgical treatment of brain abscesses shown an increased morbidity for craniotomy with respect to stereotactic procedures [38] . The two new cases reported underwent a stereotactic aspiration of cerebral abscess, without surgical complications.
The medical therapy is based on prolonged systemic antibiotic administration [3] . In literature, different antibiotic combinations were reported, but in all cases, the duration of therapy was at least 4 weeks. Sometimes, after intravenous administration, the therapy was prolonged with oral antibiotic administration. G. morbillorum is usually sensitive to betalactams and aminoglycosides but sometimes presents resistance to macrolide and other antibiotics. Mortality and morbidity due to G. morbillorum cerebral abscess are similar to rates reported for other cerebral abscesses [5] . One evolution is reported, according to literature review [16] . In this case, the patient was a 77-year-old man with previous pleuritis and meningitis due to G. morbillorum. In all other cases, after surgical treatment and prolonged antibiotic therapy, all patient presented symptoms resolution. Neuroradiological imaging showed disappearance of brain abscess after some months.
Conclusion
G. morbillorum is a mostly opportunistic pathogen but may determine cerebral abscess and therefore a life-threatening condition even in previously healthy people. Even if it is infrequently reported as an agent of central nervous system infections, the identification of specific biomolecular characteristics that may increase its neurotropism and virulence also in immunocompetent patients can help to better understand such a rare pathology.
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